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FOE VAEIOTB ENGINE AND COOLAI\T? CONDITIONS 
By Eugene J. Manganiello and Everett Bernardo 


SUMMABY 

As a supplement to an investigation of the cooling character- 
istics of a multicylinder liquid-cooled engine, tests were conducted 
with tvo liquid-cooled cylinders in order to isolate the effects of 
the various engine and coolant variables on cylinder temperatures 
and to obtain engine -cooling data required for a fundamental study 
of the heat-transfer processes in liquid-cooled engines. 

Cylinder temperatures were obtained for a large range of engine 
speeds, iminifold pressures, carbui-etor-air temperatures, fuel-air 
ratios, spark advances, coolant-flow rates, averjige coolant tempera- 
tures, and coolant pressures with water and AW-E-2 ethylene glycol 
and other ethylene glycol-water mixtures as coolants. 

The results indicate that the average cylinder temperatures 
increased nearly linearly with charge-flow rate (air plus fuel) and 
indicated horsepower, increased a relatively small amount for an 
increase in carburetor -air temperature, increased rapidly at a con- 
stant charge-flow rate as the fuel-air mixture was enriched to a fuel- 
air ratio of 0.067 and decreased with further enriching, increased 
practically linearly with an increase in spark advance from 20° to 
42*^ B.T.C. but changed less rapidly from 12*^ to 20° B.T.C. The average 
cylinder temperatures also decreased a relatively small amount for an 
increase in the coolant-flow rate of most of the solutions used, 
increased nearly linearly with an increase In the average coolant tem- 
perature, and increased slightly with an increase in coolant pressure 
but only at the high cylinder temperatures. In addition, the results 
showed that the average cylinder temperatures were lower when using 
water or the more aqueous ethylene glycol solutions than when using 
AW-E-2 ethylene glycol. 
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The niimerical relations obtained between the cylinder temper- 
atures and each of the variables investigated were dependent upon 
the values of the other engine and coolant conditions under which 
the particular variable was investigated. 


INTEODUCTION 

Recent and projected improvement in the power output of liquid- 
cooled aircraft engines has Introduced the problem of reducing 
excessive cylinder temperatures and has restimulated research in the 
cooling of liquid-cooled engines. 

An experimental invesbigaticn of the cylinder temperatures 
existing in a liquid-cooled engine is reported in reference 1, which 
presents results for several coolants showing the effect of coolant 
temperature and coolant -flow rate on cylinder-head temperature. 

Tests in which the effect of coolant pressure was also investigated 
were conducted at Wright Field (Memo. Rep. Ser. No. MG-57 -523-216) 
in 1943 on a Continental Hyper No. 1 cylinder. In the tests of 
reference 1 the cylinder-head temperature was measured at only one 
location, but In the tests with the Continental cylinder a more 
complete survey was made. In neither case^ howeve^r^ was the effect 
of such variables as engine speed, manifold pressure^ carburetor-air 
temperature, fuel-air ratio, and spark advance investigated. 

The tests reported heroin were conducted as a supplement to an 
investigation of the cooling characteristics of a multicylinder 
IJ quid -cooled engine in order to isolate the effects of the various 
engine and coolant variables on cylinder temperatures and to obtain 
engine -cooling data required for a study of the fundamental heat- 
transfer processes in liquid-cooled engines. 

The present investigation was conducted by the NACA at Cleveland 
Ohio during the winter of 1943 and the spring of 1944 with two modi- 
fied Lycoming 0-1230 liquid-cooled cylinders. Cylinder temperatures 
were obtained for a range of engine sfjeeds, manifold pressures, 
carburetor-air temperatures, fuel-air ratios, spark advances, coolant 
flow rates, average coolant temperatures, and coolant pressures at 
atmospheric exhaust back pressure with water and AN-E-2 ethylene 
glycol and other ethylene glycol-water mixtures as coolants. 
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APPAEA11TS 

Tost Eauipment and Gteneral Measurements 

The general arrangement of the test setup is shown in figure 1. 
Two L.ycoming C-1230 cylinders with S^-inch hores, 5|-inch strokes, 
and 7.6 compression ratios were used in these tests. Althougli a 

4~-inch stroke is normally used with Lycoming 0-123C cylinders, the 
4 A 

available crankshaft predicated a 5 t- inch stroke. In order to 

accomodate the longer strc.lce. the barrel vaa extended by moans of 
an adapter. Each cylinder was tested cn a single -cylinder test 
stand equipped with standard accessories for determining engine 
speed and brahe horsepower and was enclosed in an asbestos -lined 
box in order to reduce heat loss to surroundings other than the 
coolant. The valve timing used with an Intahe-valve tappet clear- 
ance of 0.013 inch (cold) and an exiiaust -valve tappet clearance of 
0.016 inch (cold) was as follows: 

Intake valve opens, degrees B.T.C 30 

Intake valve closes^ degrees A.B.C. 

Exhaust valve opens ^ degrees B.B.C 

Exhaust valve closes^ degrees A.T.C 

Fuel consumx')tion was measured, with a calibrated rotameter and 
air vras metered to the car^buretor by means of a flange -tap orifice 
installed, according to A.S.M.E. specif ications . Electric heaters 
installed upstream, of the carburetor were used to vary the carburetor- 
air temccrature. The air temperature was measured both in front of 
the orifice and at the intake mariifold. All temperature measuremonts 
were made with iron-censtantan thermocouples in conjunction with 
either a portable-type potentiometer or a self -oalancing indicating- 
tyre potentiometer. 


Installation Details of Cylinder A 

Barrel mod. if i cat ions and th erm ocouple s. - On the first cylinder 
tested, cylinder A, the barrel coolant Jacket was modified in order 
to separate the head and the barrel coolant flows. Figure 2 Is a 
dia,,gram showing the modifications and the thermocouple installation. 
The original barrel coolant Jacket was machined to within 3/S inch 
of the top sealing band. The coolant -transfer passages between the 
head and the barrel coolant Jackets were plugged and two rows of 
four thermocouples (] to S) were spot-welded at 90*^ intervals around 
the outside of the barrel. The thermocouple Junctions wore coated 
with several layers of insulating varnish and baJeed in order to 
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roduco errors aid sing because of conduction loss to the coolant. 

The thermocouple l.eads wero insulated both from each other and 
from the barrel with flexible glass sleeving. The modified coolant 
Jacket was then welded in position with the thermocouple leads 
traversing the jacket^ a-s shovTn in figure 2. 

Head thermocouples (gas side). - In the head of . cylind.ez' A, 

15 thenaocou.pisT' (,9~to 25l we re'Tris tailed approximately l/8 inch 
from the inner wall. Thermocouples S to 12 were located where the 
head and the bariol are Joined and are referred to as "interme- 
diate" the iTiic couples; thermocouples 13 to 21 were installed in the 
combustion chamber proper; theimocouple 22 was located on the exhaust- 
valve guide and thermocouple 23 in the top portion of the exliaust 
port , 


The methods used for installing the gas- side head thermocouples 
are illustrated in figures 3(a) and 3(b). The thermocouple Junction 
in the solid portion of the head (fig- 3(a)) was peened into the 
metal at the bottom of a l/O-inch drilled hole. Alundum tubing 
having t^;o passages, one for each lead, was then inserted to pre- 
vent the leads from contacting the sides of the drilled hole. The 
alimdum insulators were secrred by peoning metal into a groove 
around the insulators. 

Figui'e 3(b) shows the moth'd used when it was necessary for 
the the me couple wires to ci’oas a coolant passage. A brass screw 
plug bridged the passage and screwed into the imier wall. The thermo- 
couple Junction was then peenou into the metal at the bottom of a 
l/S-lnch drilled h'le, and the leads were insulated with aland ura 
tubing. A scaling washer and a nut were screwed on the outer end of 
the sleeve tc prevent leakage past the threads. 

Pead the rmoc ouple s ( licuid side) . - Foui” thamocouplos (24 to 
27) wore located cn the liciuid-sido surface of the combustion- chamber 
mil by tho method ohom in f igui'e 3(c). A brass screw plug was 
threaded through tho coolant Jacket wall and forced into a circular 
groove in the outer surface of tho combustion- chamber v/all. Tho 
thermocouplo vras then installod as shcuTi in figure 3(b), excoirt that 
the Junction was peened into the metal within l/8 inch of the liquid 
surface , 


Installation Details of Cylinder B 

Tho second cylinder tested, cylinder B, differed from cylin- 
der A in tliat tho barr-el Jacket and tho coolant-flow paths wore not 
altered. Cylinder B was tested because it was suspected that a 
crack had developed in the head of cylinder A before completion of 
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the tests end that exhaust gas vas leaking Into the coolant system. 
Figure 4 is a diagram of cylinder B including the thermocouple 
Installation. The themocouple installation was the same as that 
used in cylinder A except that no themiocouples were installed on 
the bai’rei and that four single thermocouples (28 to 31) were 
installed 90*^ auarb around the head directly above the coolant- 
transfer holes connecting the head and the barrel coolant passages. 


Cooling Systems ' 

C ylinder A. - Figure 5 is a diagram of the cooling system used 
with cylinder A showing the location of the coolant thermocouples 
and the pressure gages. The coolant flow was divided at the cyl- 
inder, part going through the head jacket and the rest bhrou^ the 
barrel jacket. The coolant -flow rate was measured with rotameters 
that had been calibrated over a range of coolant temperatures for 
the v;-irlous liquids used. The Inlet temperature of the coolant was 
controlled by means of a mixing -valve -type tenx^erature regulator. 

Four thomocouples were distributed across the pipe diameter of each 
inlet and outlet coolant line, within approximately 3 inches of the 
engine, for measuring the average fluid temperatures. The method 
used for installing these thermocouples is shown in figiu’e 3(d). 
Inasmuch as each set of four thermocouples was connected in series, 
the reading obtained was four times that of an average temperature 
indication. Each set in the inlet and outlet coolant lines was also 
differentially connected in order to measure directly the temperature 
rise of the coolant in flowing through the head and the barrel 
jackets. The junctions of all the coolant thermocouples were coated 
with an iixsulatlng varni.sh to reduce the possibility of introducing 
an error, caused by electrolytic action, in the temperatures Indicated. 

Cyl.Lnder B. - The coolant system used with cylinder B is shown 
in f impure 6. The system is the same as that used with cylinder A 
except that the flow was not divided at th- cylinder and both the 
barrel outlet and the head inlet coolant temperatures were obtained 
by moans of four single thermocouples (28 tc 51, fig. 4). Those 
themocouples wore also used In conjunction with the barrel inlet 
and the head outlet thermopiles in order to determine the temperature 
rise of tho coolant in flowing through the barrel and the head 
jackets. In addition, the two thermopiles wore differentially con- 
nected in order to measure directly the ovi^r-all temperature rise of 
the coolioit . 
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Coolants 

The coolants used vere water and AN-E-2 ethylene glycol and 
noin-'nal (by volume) 70 Tjercont-30 percent and 30 percent-70 percent 
othjlene glycol -vraber mixtures. The specification of AN-S-2 ethylene 
glycol on a weight basis is 94.5 percent ethylene glycol^ 2.5 percent 
trleth^xnoi amine phosphate; and 3.0 percent water, but for convenience 
AN-E-2 othylone glycol will be referred to as a "nominal’' (by volume) 
97 percent -3 percent glycol -water mixture. 


KEjT. 0DS AliD TESTS 


Tests Conducted 


Tests wo;re conducted over the) following range of conditions: 


Engine speed; rpm 1050-2760 

Manifold pressure; inches of mercury absolute 21,0-39.0 

Carburet or -air temperature; 80-222 

Fuel -air ratio 0.048-0.12], 

Spark advance; degrees B.T.C 12-42 

Coolant -flow ratO; pounds per minute 10.0-128.3 

Average coolant temperature, F 90.0-311.0 

Coolant pressure; pounds per square inch absolute 17-75 


In order to isolate the effect of the «.;ngine and the coolant 
variables on cylinder temperatures, one item was varied in each 
test wliile all others were raaintained approximately constant. More 
tests than wore necessary to establish the effect of the variables 
were mad.e in order to check the results as the tests progressed. 

A suirimary of the tests conducted is presented in table 1. Run num- 
bers are given for convenience in using large original data tableS; 
which are not included in this report but are available upon request 
f r cm. the Na.t i onal Ad.v i s ory G omm i 1 1 ee f or Ac^r onaut i c s . 

Atmoaphoric exhaust pressure was maintained, throughout the 
investigatl on . A spark adv.anca of approximately 28^' B.T.C. was used 
in all of the testa except the variable spark -advance tests and a 
carburet or -air temperature of approximately 80^ F was used except in 
the tests in w^hich it was the vear table. The oarburetor’-£iir flow was 
maintained approximately constant in all of the tests except those? 
in which either the speed or the manifold pressure was varied. In 
most of the variabls. -speed tests the .manifold pressure was held con- 
st.ant; 'VThich resulted, in slight variations of indicated moan effective 
7)ressure. In a few of the variable -speed tv^sts conducted with cyl- 
inder B; however, the manifold pressure was adjusted to maintain an 
approximately constant Indicated mean c^ffective pressure. 
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The pressure on the coolant was ■varied hy applying cccipreased 
air to the top of the expansion tank througli the vent line sho'wn 
in figi;re3 5 and 6. A bleed valve in the vent line was used when 
runs were made at atmospheric pressure. The coolant -pressure values 
presented in this report are the values recorded on the outlet side 
of the cylinder because bhat pressure was the lowest in the cylinder 
coolant jackets. 

Friction horsepower was determined at intervals throughout the 
tests by motoring runs, which were conducted at the values of engine 
speed, manifold pressure, end oil temperature that were maintained 
during the power tests . The oil supplied to the engine was main- 
tained at an approximately constant temperature of 160° F. 

The ethylene -glycol concentration of the coolants was deter- 
mined from the boiling point and the specific gravity of samples 
taken at intervals throu^out the tests . 


Calculations 

Heat rejection to coolant . - The heat rejected to the coolant 
was obtained fx-om the product of the coolant-flow rate, the tempei’a- 
ture rise of the coolant in flowing through the cylinder Jackets, 
and the specific heat of the coolant at the average coolant temper- 
ature. Yalues for the specific heats of the coolants were obtained 
from reference 2 and are plotted in figiure 7 as a function of 
temperature . 

Head, barrel, and total heat -rejection values were calculated 
for cylinder A. Only the total heat-rejection values, however, were 
calculated for cylinder B because of the Inaccuracy of the tempera- 
ture indications of thermocouples 28 to 31. 

Temperature averages . - The average head and the average barrel 
coolant temperatures were teiken as the arithmetic mean of the coolant 
tomperatuTos measured at the inlet axid the outlet coolant lines of 
the head and the barrel, respectively. Average cylinder temperatures 
■were determined by averaging all the temperatures obtained from the 
thermocouples located in each particular portion of the cylinder. 

The following table lists the thermocouples used fox- calculating each 
of the average cylinder temperatures used heroin. (Soo figs. 2 and 4.) 
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Average temperature Cylinder Thermocouples 


Head (gas side) 

Head (llqujd side) 
Barrel (liquid side) 
Intermediate 


A and B- 


A and B, 

A oinA *n l 



13-21 

24-27 

1-8 

9-12 


•;'-Thormoconplo 26 was d.amaged in cylinder E. 

■^Barrel thormocoupi.es were not in.stalled In cylinder B. 
•■"’Intermediate thermocouples were damaged in cylinder A. 


For convenience the average head (gas -side) temperature will 
be reforrod to as the "he^id" temperature and the average head 
( liquid -side) temperature will be referred to as the "liquid.-sido 
head" temperature. For that portion of the cylind.er w^here the head 
and the barrel arc joined, the average temperature is represented 
by the "intermediate" temperature. 

The liquid-side head temperature may nc/t be representative of 
the entire head because of the nmai.! number of thermocouples used. 

The barrel temperaturo should be considered only as roughly represen- 
tative of the true average barrel temperaturo because of possible 
errors introduced by the coiiduction of heat fi’om the thermocouple 
juiictions to the coolant . 


A summary of data from cylinder A and cylinder B is presented 
in the original data tables (available on request). 

In almost every test the maximum observed cylinder temperatures 
occurred at therm-ocouple 21 located in the center of the head between 
the valves and at thermocouple 5 located on the top portion of the 
barrel on the exhaust and anti thrust side. The temperatures obtained 
froDi these thermocouples are therefore listed as max'imums throughout 
tho original data tables. 


Figures 8 to 15 show the effect of the ViU'’.LOUs engine variables 
invest'] gated on the average cylind%..r tomi)eratur'Gs . (The average 
cylinder temperatures are tho head and the bari-el tomperaturus for 
cylinder A tind the head and tho intermediate temperatures for cyl- 
inder B . ) 


RESULTS MB DISCUSSION 


Effect of Engine ‘Variablos on Average 


Cylinder Temperatures 
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Ind5 cato d horsep ovo r and charge- -f 1 ov rate. - The effect of 
charge-flow rate (air plus fuel) and indicated horsepower on average 
cylinder temperatures Is presented In fi.gi.;re 8 from tests conducted 
with cylinder A using AN-E-2 ethylene glycol as a coolant. Tlie head 
«md harrel temperatur’es increased approximately 1.7° F and 0.7° F, 
rospoctively, per unit increase in indicated horsepower. The- linear 
variation in cylinder temperatures with indicated horsepowor is 
approximately the same, iri-escect Lve of whether the change was 
obtained by varying tho speed or the mrenifoid pressure. The line-ar 
relation obtained between the indicated horsepow&r and the weight of 
charge-flow rate is shown in fijguro 9 'and obviously Justifies the 
double abeJssa scale used in fi.gure 8. 

Similar results ar;.: presented in flgiires 10 .and 11 from data 
obtained with cylinder B with water as a coolant. Tho head tomper- 
'ituro Incfoasod approximately 3. .2'' F and tho inteimedlato tempera- 
ture apr'.roximv'itei.y C).6° F per unit inci'oaso in indicated horsepowor. 

Carbiaretor -air t emp erature . - The r-osults of two teats conducted 
w^'th cylinder A at different values of Indicated horsepower to dotor- 
mino the offoct of carburet or -air tomporaturo on average cylinder 
temperatures rrre presented In fig'ore 12, The chango in cyllnd-or tem- 
peratures was relatively 5)m;iiJ ; an Inoroaao of 150° F in the carburotor- 
a.ir temperature resulted in an increase of approximately 3.1° F In the 
head temperature and approx Lmato3.y 3° F in the barrel tomporaturo. 

Fuel -air ro^_io. -• Figures 13 and 3 4 show tho offoct of fuol-air 
ratio on tho avorag-o cylinder temperaturos , as dotermined from testa 
conducted, with cylixudcr A .and cylinder B, rospectivoly , Tho coolants 
used Were AN-E-2 othylene glycol with cyi.i,ndcr A and water with cyl- 
inder B. Tho charge-flow rate was maint-ainod -approximatoly constant 
in oacli test. Tho highest cylinder tempm-atures w-;ro obtained at a 
fuol-air ratio of approx imatcD.y 0.067, whi.cli Is in tho region of the 
chemically correct mixture. Tlie d .croas.- in tomperaturo with a 
d_vlatlon in tho fuel-air ratio from the chemlcaliye correct mixture 
is more rapid in the lo'on r.ange than in the ricli range. Tho approx- 
imate changes In av.irago cylind.-.r temperatures resulting from a chango 
In fuol-air ratio from 0.047 to 0.067 and from 0.067 tc 0,117 are 
tabulated ; 



Avorago t^^mporaturo ch:jnigo, ‘■'F 

Fuo 1 ~ a I. r -r a t i o 

Cylinder A 
(fig. 13) 

Cylinder B 
(fig. 14) 


Hoad 

Barr -1 

Hoad 

Int...rmedi.ato 

oTolT-ir. oi7 

48 

15 

~'Tr~ 

Is” 

,067- .117 

58 

26 

40 

15 
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Sorj’k advance. - The vai’iation of average cylinder temperatures 
with a'paric ad-vance is sbovn in figure 15 as obtained from tests con- 
ducted* vith cylinder A. As the spark was rotai’ded from 42° to 
20° B.T.C.^ the cylinder temperatures decreased. Eolow this point 
the head temperatures began decreasing at a slower rate and the 
barrel temporatiares began increasing. The rate of change of the 
head and barrel temperatures from 42^ to 20° E.TC. was approxi- 
mately 1.7° F and 0.6° ¥ , respectively, per degree chongo in spark 
advcnco . 

Effect of Coolant Voriabl.es on Cylinder Temperatures 

Figures 16 to 22 show the effect of the various coolant vari- 
.ables investigated on the average cylinder temperatures. Although 
the effects of several variables ai’o shown in each figure, they wjll 
be discussed sepcratsly in the succeeding p.-ar agraphs . 

Cool ant -fl ow rat e. - Teats wore conducted with cylinder A and 
repeated with cylinder B ct different conditions of Indicated horse- 
power and average coolant temperature to determine the effect cf the 
coolant-flow ivite of four dLfforv.nt coolants on average cylinder 
temperatures. The results of these teats arc shown in f’^guros 16 
;and 17. In all the tests, the cylinder temperatures decreased with 
an increase in the coolant -flow rate; decrease was greater at the 
low flow rates than at th.. high. 

The average changes in head and intermediate temperatures 
resulting from cn increase in head coolant-flow rate from 55 to 
125 pounds per minute and the average change in barrel temperature 
resulting from an increase in barrel coo3.-ant-f low rate from 15 to 
45 pounds per minute are tabulated as follows: 




Aver ago 

tomperaturo change, ““F 


Cluange in 
coclrnt- 

Coolant, 

glycol -water, 
by volume 

percent 


flcw rate 

57-3 

70-30 

30-70 

0-100 

^yllndei’ A (fig. 16) 
Head 

55-125 

37 

21 

^14 

13 

Barrel 

15-45 

56 

26 

^12 

8 

*^Cyl.indor B (fig. 17) 
Hoad 

55-125 

30 

22 

19 

17 

Intermediato 

55-125 

IS 

11 

9 

7 


“Tost conditions: ihp, 55; aver?*ge coolant temperaturo, 

185°-20l''-’ F; coolant prossuro, 19 Ib/sq in. absolute. 

^Tho coolant was actually 38 percent -62 percent glycol-water. 
°Test conditions: ihp, 47; a,verage coolant temperature, 

125° F; cool.ant pi’ossure, 19 Ib/sq in. absolute. 


MCA ABB No . E5H13 


11 


The data presented In figure 18 are not directly comparahle 
with those in figui-e 17 hecause of the differences in the oper- 
ating conditions under which the data were obtained. 

Ayera ge coolaiit temperature . - The variation of avei’age cyl- 
inder temperatures with a^'erage coolant temperature for four dif- 
ferent coolants is sho\/n in figures 18 to 21. The data were 
obtained from tests conducted with both cylinder A and cylinder B 
at two different conditions of indicated horsepower, head coolant- 
flow rate, and head coolant pressure. The cylinder temperatures 
Increased approximately linearly with the coolant temperature for 
most of the coolants tested; however, some of the head temperatures 
increased sli^tly more rapidly at the high coolant temperatures 
than at the low temperatures. 

The average changes in average cylinder temperatures per degree 
Fahrenheit change in average coolant temperature as obtained from 
figures 18 to 21 are presented in the following table: 


Coolant , 




Slope 




glycol - 

Cylinder A 

1 ^Cylinder B 

^Cylinder A 

'“cylinder B 

water 
(percent 
by volume) 

(fig. 18) 

! (fiS. :!9) 

(fig. 20) 

(f 1 

ig. 21) 

Head 

Barrel 

jEead 

Inter- 

mediate 

Head 

Barrel 

Head 

Inter- 

mediate 

97-3 

0.66 

0.68 

0.66 

0.79 

0.75 

0.77 

0.85 

0.85 

70-30 

.63 

.69 

.62 

.85 

.73 

.71 

.81 

.88 

30-YO 

° .78 

^ .11 

.80 

.88 

^.90 

“.86 

.87 

.90 

0-100 

.87 

.84 

.90 

.96 

.92 

.65 

.32 

.97 


'^est conditions: ihp, 55; head coolant-flow rate, 70 Ib/min; 

, coolant pressure, 19 Ib/sg in. absolute. 

“Test conditions: ihp, 48; head coolant-flow rate, 126 Ib/min; 

coolant pressure, 60 Ib/sq in. absolute. 

*^The coolant was actuai.ly 33 percent -62 percent glycol -water . 

For the same coolant, the head temperatures presented in fig- 
ures 18 and 19 agree within approximately 5® F with a slightly 
larger deviation (approximately 11“* F) obtained with water at the 
hi^i average coolant temperatures. The barrel temperatures pre- 
sented in figure 13, of course, are not comparable with the inter- 
mediate temperatures presented in figure 19. 

In the comparison of figures 20 and 21, the head temperatures 
obtained with water differ by only 3*^ F and the data obtained with 
both the nominal 30 percent -70 percent ^md the nominal 70 percent- 
3C percent glycol-water mixtures agree within approximately 14'“ F. 
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The head tem'neratures presented in f i^oire 21 for AI'J-E-2 ethylene 
glycol. h'-'We'^er. are from approidmately 25*^ F to 35^^ F lover than 
the corresponding temperatures given in figiure 20. 

The results shown in figures 1.8 and 19 are not directly cc^mpa- 
rahie with the results pi’esented in figures 20 and 21 because the 
tests from which the results were obtained were conducted under 
different operating conditions. 

Coolan t p ressure. - The effect of ooolant pressure on average 
cylinder temperahui'es is shovm in figi^res 14, 17^ 19, and 21^ as 
obtained from tests of cylinder B where each test condition was 
investigated at two different coolant pressures. Data on the effect 
of coolant pir-ssure on the average and the mxlmim h^ad temperatures 
vare presented in figure 22 as obtained from four tests conducted 
with cylinder A using water as a coolant. At the high cylinder tem- 
peratures and lew coolant pressures, decreasing the coolant pressure 
slightly decreased the cylinder temperatures^ which indicated that 
some boiling was taking place on the hot metal surfaces. This effect 
is slightly more noticeable in the maximum than in the average head 
temperatures. Tn figiures 14, 17, 19. and 21, it will be seen that 
a moximum dacreaso of approximately 8' F in the average head temper- 
ature was obtained by decreasing bhe coolant pressure from 59 to 
13 pouiids per squai'o inch abr-olute. In fi/^ore 22 at an average 
coolant temperature of 200^ F, decreasing bho coolant px^essure from 
60 to 20 po'onds per square inch absolute resulted in a decrease of 
approximately 13^" F in the average head temperature and approximately 
16'^ F in the ma:cimum head tempi'rature. 

The results obtained at Wrl.gjrb F1e?Ld (Merao. Rep. Ser. 

No. ENG-5'/ -523-21 G) with a Continental Hypor No. 1 cylinde-r, indi- 
cated slmll-xr effects of coolant pressure on cylinder temporaturos . 

At relatively hlgii cylinder and coolant temporaturos, however, 
initial docrciaso in coolant pross\.U'’e I’osulted in sligjitly greater 
decroase in cylindoi'* temper^ituros than was obtained in the tests 
rapc.Ttcd heroin. In addition, further reduction in ooolant pres- 
sure eventually resulted In increased c;y Under temperatmes probably 
owing to the transition of boiling from the nucle^ir to the filin 
X'jhase. Film-phase boiling evidently was not reached in the present 
investigation. 

C Gola nt c om pos it ion . - The effect of coolant composition on 
average cylinder temper at ux’os is shown in fig'uros 16 to 21. The 
average cylindoi'’ tom.peratures obtained with AN-E-2 ethylene glycol 
were higixer than the coxTosponding tompex*atures obtained with 
either water or the more aqueous ethylene-glycol solutions , The 
following table lists the mean temperature difference b^'twoon the 
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avora,'jo 05 ?lirxder temporaturea obta.inud w:th AW-E-2 ethylane glycol 
and those obtained vitb. each of the other aqueous solutions tested: 


Coolant^ 

Aver-ege temporatiu’e difference, °F 

glycol- 
water 
(rjorcont 
by volume) 

Cylinder A 
(fig. 16) 

Cylinder B 
(fig. 17) 

Cylinder A 
(fig. 18) 

Hoad 

B;arrel 

Head 

Inter- 

mediate 

Hoad 

Barrel 

70-30 

32 

25 


19 


16 

27 

23 

30-70 

^42 

^51 


4 5 


30 

^47 

^39 

0-100 

63 

47 


55 


39 

- -J 

i 60 

53 

Coolarxt^ 

Ayerago tenporaturo difference^ '-^F 

glycol- 
water 
(pore on b 
by voluLio) 

Cylinder B 
(fig. 1.9) 

Cylinder A 
(fig. 20) 

Cylinder B 
(fig. 21) 

Head 

jlnto3?- 
med late 

Head 

Barrel 

Head 

Inter- 

.mediate 

70-30 

23 

14 


22 

1 

10 

4 

8 

30-70 

47 

50 


®-36 


^27 

23 

18 

O-ICO 

58 

38 


62 

-J 

42 

L 

32 

25 


^■The coolant was actually 38 percent -62 x^orcont 
glycol-water . 


The discrepancy between the temperature differences from fig- 
ure 21 and the other tempoi'’aturc: differoncos is probably duo to 
some error in the AK-E-2 ethylene -glycol data presented in figure 21 
(lb was previously pointed oub that these data are from approximate!; 
25'^ F to 35° F lower than comparable data presented in fig. 20.) 


Relation between Cylinder Temperatures 

Maxi mum and av er age c yli nder te m pera tures. - Figures 23 and 24 
show the linear rei.ations borwoen the average and the maximum cyl- 
inder temperatures of cylinder A and cylinder respoctivoly , for a 
wide range of engine and coolant conditions. The maximum head tem- 
perature was approximately 55° F hi^u r than the a.verage hoad tem- 
perat:xro in cylinder A (fig. 23) and approximately 60° F hi^er In 
cylinder B (fig. 24). The maximum barrel tomporaturu of cylinder A 
was approximately 17° F higher than the average barrel temperature. 

The relations shown in those and in figures 25 to 28 are repre- 
sentative of all the data presented in the original data tables 
althouf^i only a portion of the data are plotted in each figure. 
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E xhaust-yalve -guide and head temperc.t ure a . - The linear rela- 
tions between the exhaust-valve-guide temperature (thermocouple 24) 
and the head temperature of cylinders A and B are presented in fig- 
ures 25 and 26^ respectively . The results are from the same tests 
from vrhich data are presented in figures 23 and 24. The exhaust - 
valve-guide temperature is approximately 13° P higher than the head 
temperature in cylinder A (fig. 25) and approximately 36° F higher 
in cylinder B (fig. 26 j. The relations obtained are quite consist- 
ent considering that the temperature of the e:diaust -valve guide may 
be affected by wearing of the valve guide and by exhaust gas escaping 
around the valve stem. 

L iquid -side head and he ad tempe r ature s. - The linear variation 
of the liquid-side head temperature with the head temperature is 
shoT-m in figure 2 7 for tests conducted with cylinder A over a wide 
range of engine and coolant conditions. The liquid-side head tem- 
pera.t\ire was approximately 55° F lower than the head temperatui"e . 

The relation is good considering that the liquid-side head tempera- 
ture was determined from the average of only four thermocouples 
(24 to 27, fig. 2). 

Figure 28 shows similar data from tests conducted with cylin- 
der 3. It will he recalled that with this cylinder the liquid-side 
head temperature was obtained Irom the average of only three thermo- 
couples (24, 25, end 27, fig. 4). The liquid-side head temperature 
of cylinder B (fig. 28) was approxlinatoI).y 44° F lower than the head 
temperature . 


SUmiEY OF RESULTS 

For the range of conditions investigated in tests with the two 
cj’'linders cooled with various aqueous ethylene -glycol solutions, the 
average cylinder temperatures: 

1. Increased nearly linearly with charge -flow rate (air plus 
fuel) and Indicated horsepower. 

2. Increased a relatively small amount for an Increase in 
carburetor-air temperature. 

3. Increased rapidly at a constant charge-flow rate as the fuel- 
air mixture was enriched to a fuel -air ratio of 0.067 and decreased 
with further e:uriching. 

4. Increased practically li.nearly with an increase in spark 
advance from 20° to 42° B.T.C. but changed loss rapidly from 12° to 
20° B.T.C. 
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5. DocreasocI a roDatlvely small amount for an increase in 
coolant -floT 7 rate for D:ost of the solutions tested. 

6. Increased nearly linearly with an increase in the average 
coolant temperature for the solutions tested. 

7. Increased slightly vith an increase in coolant pressure 
hut only at the high average cylinder temperatures. 

8. Were lower ■h'ith water or the more aqueous ethylene -glycol 
solutions than with AIJ-E-2 ethylene glycol. 

The numerical relations obtained between the average cylinder 
temperatures and each of the variables investigated were dependent 
upon the values of the other engine and coolant conditions under 
which the particular ’/ariable was investigated. 


Aircraft Engine Eesearch Laboratory, 

National Advisory Commit-oeo fcr Aeronautics, 
Clevelaiid, Ohio. 
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Table i. suiiiMARr of tests conducted v;ith cyle^der a a?id cylinder b 




Coolant , 
glycol- 



Variable 

Range of 
variable 

y;ater 
( nominal 
percent 

Cylinder A 
1 ■ -- 

Cylinder B 



by volume; 

! Runs 

Runs 

Engine speed, rtDm 

10b(>-2760 

97-5 

1-10, 51-62, 6.U-73 

153-1''^2 

Manifold pres3\ir^^ 

?l.C>-39.0 

0-100 


60~73j 122-137, 366-385 

97-3 

12-23, l'i7-153 

163-178 

in. Hg absolute 


0-100 

hhS 9 , 350-365 j 386-397 

Carburetor-air 

80-222 

97-3 

111-117, l'iC-1'46 

temperature, 

1 



Fuel-air ratio 

o.o)ie-e.i2i 

97-3 

95-110 


Spark advance. 


0-100 


325-3)49 

12-';2 

97-3 

113-127 

degrees 5.T.C. 




Coolant-flo-7 rate, 
ib/min 

10.0-123.3 

97-3 

2t-)40, 73-82, 368-379, 

380 -IlOI 

i!LL- 152, 207-220 



70-30 

177-132, 139-195, .U1C-U21 

232-265, 258-271 



30-70 

196-2C4, 211-218, ii36-Ua, 
'A6-U51. U59-ii70 

20)4-297, 306-321 



0-100 

160-176, 278 - 2 dh, 319-336 

76-87, "^3-111, 398 -Ui 

Average coolant 
temperat^ire, '^F 

90.LV3II.O 

97-3 

83-9'., ^128-139, 380-38?, 

102-i;09 

179-206 



7C-3O 

183-188, u22-hy^ 

221-231, 2)46-257 



30—70 

205-210, U.2-i'+5, It52-'i53 

272-283, 298-307 

Coolant pre s sure , 


’ •o-ico 

15I1-159, 273-277, 357-341 

88-97. il2-121, U2-).|21 

17-75 

0-100 

3>42-367 

Ib/sq in. absolute 





Coolant flow also varied. 
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Figure 2, - Thermocouple Installation and modifications of 
cyl inder A. 
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Fig. 3 a,b 



io) 


Gos-side head thermocouple in solid pc^rtions of cylin- 
der head. 



(b) 


Gas-side head thermocoupl e crossing 
passage of cylinder head. 


through coolant 
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Figure 5. 


Thermocoupl e-inst a! i at Ion details of head and 
coolant thermocouples. 
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Fig. 3c,d 
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Figure 3. - Concluded. 
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Figure 4 


Thermocouple installation of cylinder B 
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Figure 5. - Schematic diagram of coding system, cylinder A. 
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Figure 6 


Schematic diagram of cooling system, cylinder B 
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Specific heat, Btu/(lbH®P) 
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Figure 8*- Effect of charge-flow rate and Indicated horsepower on average head and barrel temperatures. 
Cylinder A; coolant, AN-E-2 ethylene glycol; average coolant temperature, 247° F; coolant-flow rate; 
head, 73 pounds per minute^ barrel, 30 pounds per minute; coolant pressure, 19 pounds per square Inch 
absolute; fuel-air ratio, Q.078; spark advance, 28° B.T.C.; carburetor-air temperature, 80° F. 



123456789 

Charge-flow rate, lb /min 


Figure 9.- Relation of Indicated horsepower to charge-flow rate, cylinder A. 
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Figs. 10,11 



Indicated horsepower 


Figure 10.- Effect of charge-flow rate and indicated horsepower on average head and intermediate 
temperatures. Cylinder Bs coolant, water: average coolant temperature, 173® F; coolant-flow rate. 

minute I coolant pressure, 15 and 59 pounds per square inch absolute j fuel-air ratio, 
0.079j spark advance, 28® B.T.C.j carburetor— air temperature, 76® F. 



Figure 11.— Relation of indicated horsepower to charge-flow rate, cylinder B. 
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Figure 12, - Effect of carburetor-air temperature on average head and barrel 
temperatures. Cylinder Aj coolant, AN-E-2 ethylene glycol; average coolant 
temperature: head, 249^ F, barrel, 247^ F; coolant-flow rate: head, 72 pounds 
per minute, barrel, 30 pounds per minute; coolanb pressure, 19 pounds per 
square Inch absolute; engine speed, 2000 rpm; fuel -air ratio, 0.077; spark 
advance, 23° B.T.C* 
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Figure 13#- Effect of fuel-air ratio on average head and barrel 
temperatures. Cylinder A; coolant, AN-E-2 ethylene glvcol; 
average coolant temperature: head, 2490 F, barrel, 247^ F; 
coolant-flow rate: head^ 73 pounds per minute, barrel, 30 ‘ 
pounds per minute j coolant pressure, 19 pounds per square inch 
absolute j engine speed, 2000 rpmj Indicated horsepower, 43 to 
54; charge-flow rate, 5.3 to 5,5 pounds per minute; spark 
advance, 28^ B.T.C.; carburetor-air temperature, 80^ F: runs, 
95 to 110. 
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Fig. U 



Figure 14,- Effect of fuel-air ratio on average head and inter- 
mediate temperatures. Cylinder B; coolant, water: average 
coolant temperature, 173° P; coolant-flow rate, 70 pounds per 
minute; engine speed, 2000 rpm; indicated horsepower, 40 to 
62; charge-flow rate, 5.6 to 5,9 pounds per minute^ spark 
advance, 280 B,T.C.; carburetor-air temperature, 74° F, 


Fig. 15 
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Figure 15. - Effect of spark advance on average head and barrel 
temperatures. Cylinder A; coolant, AN-E-2 ethylene glycol; 
average coolant temperature; head, 249® F, barrel, 247® F; 
coolant-flow rate; head, 72 pounds per minute, barrel, 30 
pounds per minute; coolant pressure, I9 pounds per square inch 
absolute; engine speed, 2000 rpm; indicated horsepower, 48 to 
66; charge-flow rate, 6.4 pounds per minute; fuel-air ratio, 
0.077; oarburetor-air temperature, 83° F; runs, 118 to 127. 



Figure 16.- Effect of coolant-flov rate on aTerage head and barrel 
pressure, 19 pounds per square Inch absolute; engine speed 2000 
fuel-air ratio, 0.07S; spark adrance, 2So b.T.C.; oarbure tor-air 


tenperatures using Tarlous glyool-vater solutions. Cjllnder A; coolant 
rpn; Indicated horsepower, 55; oharga-flow rate, 5.5 pounds per ninute: 
temperature. MO F. 
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Pigux*e 17.— Effect of coolant-flow rate on average head and intermediate temperatures using various glycol -water solutions Cyll 
temperature. 125® F; engine speed, 1800 rpn; Indlcated^horsepowcr, 4?; charge-flow rate. 4.6 pounds per minute; 
ratio. 0.079; sparK advance. 28° B.T.C. ; carburetor— air temperature, 75° P. 
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Fig. 18 
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Fig. 19 
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Figure 21.- Effect of average coolant temperature on average head and intemiedlate temp- 
eratures using various glycol-vrater solutions at a coolant-flow rate of approjclmately 
127 p<xinds per minute* Cylinder Bj engine speed, 1800 rpn; Indicated horsepower | 47; 
oharge-flow rate, 4*6 pounds per mlnutei fuel-air ratio, 0*079; spark advance, 28^ B.T*C*t 
oarburetor-alr temperature, 77® F« 
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Figure 26*«> Relation between exh^st— valve— guide and average head temperatures under various 
operating conditions, cylinder 
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various operating conditions, cylinder A» 
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